Treatment of 5-arylthianthrenium perchlorates 2 with secondary alkylamines in the presence of LDA in THF at reflux gave 2-(arylthio)-3'-(dialkylamino)diphenyl sulfides 7 as major products along with 2-(arylthio)-2'-(dialkylamino)diphenyl sulfides 8 and thianthrene. The latter two compounds were formed depending on the structures of amines employed and the concentrations of LDA. It has been found that the methoxy groups of 7e, 7g, and 7h were displaced by amide ions in the presence of excess amounts of LDA to give the corresponding 2-(4-dialkylaminophenylthio)-3'-(dialkylamino)diphenyl sulfides (14a-c). The reactions with aza-15-crown-5, aza-18-crown-6, and 7, 16-diaza-18-crown-6 gave analogous products via a benzyne intermediate.
Thianthrene cation radical perchlorate (1) is a crystalline solid which is stable at room temperature under anhydrous conditions. Its physical and chemical properties and reactivity have been extensively studied.
1 It reacts with aromatics having an electron-donating group in CH 3 CN at room temperature to give 5-arylthianthrenium perchlorates 2. 2 It has been found that compounds 2 are useful precursors for the synthesis of some sulfur-containing organic compounds. For example, compound 2a was converted to 2-alkoxy-2'-(arylthio)diphenyl sulfides 3 on heating with alkoxide in alcohol at reflux. 3 Dealkylation of 3 to give 2-(arylthio)-2'-hydroxydiphenyl sulfides 4 (66 -88%) was achieved on heating with 48% HBr in HOAc at 110 °C 4 or stirring with BBr 3 in CH 2 Cl 2 at room temperature. 5 Treatment of 2 with tert-BuOK in DMSO at room temperature gave 2-(arylsulfinyl)diphenyl sulfides 5, 6 which are regioselective oxidation products of 2-(arylthio)diphenyl sulfides. Interestingly, heating a mixture of 2 and NaSH·xH 2 O in either PhH/H 2 O (1 : 1, v/v) or THF/H 2 O (10 : 1, v/v) at reflux resulted in the formation of 2,2'-bis[2-(arylthio)phenylthio]diphenyl sulfides 6. Recently, we reported that compounds 2 (X = MeO, Y = H) reacted with diethylamine in the presence of LDA in THF at reflux to give 2-(4-anisylthio)-3'-(diethylamino)diphenyl sulfide (7a) (57%) and 2-(4-anisylthio)-2'-(diethylamino)diphenyl sulfide (8a) (11%) together with thianthrene (9) (8%) 8 (Scheme 1).
Compound 7a was proven to be formed via a benzyne intermediate. This result suggests that compound 2 can be utilized as a new substituted benzyne precursor. To study the scope of the reaction, the reactions with diverse primary and secondary alkylamines were investigated. In addition, complexations of 7a, 7e (X = MeO, Y = H, R = Pr 2 N), 7f (X = MeO, Y = H, R = Bu 2 N), 7h (X = MeO, Y = H, R = N ), 7j (X = MeO, Y = H, R = 1,4,7,10,13-pentaoxa-16-azacyclooctadec-16-yl), 7m (X = i-PrO, Y = H, R = 1,4,7,10,13-pentaoxa-16-azacyclooctadec-16-yl), 10 and 13a (X = MeO, Y = H, R = (i-Pr) 2 N ) with selected metal cations were studied in order to understand the effects of 2-(arylthio)phenylthio group as a lariat. The results are described herein. 
Results and Discussion
To begin with, treatment of 2a with a primary alkylamine such as pentylamine (2.3 equiv.) in the presence of NaH (5.3 equiv.) for 3 h in THF at reflux gave 2-(4-methoxyphenylthio)-3'-(pentylamino)diphenyl sulfide (7b) (X = MeO, Y = H, R = pentylNH) (21%), 2-(4-methoxyphenylthio)diphenyl sulfide (10) (31%), and 9 (18%) (entry 1, Table 1 ). No 8b (X = MeO, Y = H, R = pentylNH) was obtained. On the other hand, the same reaction was conducted by adding LDA (2 M, hexane) in place of NaH. LDA (0.3 mL, 0.6 mmol) was added six times at 40 min intervals during the reaction since LDA was expected to be deteriorated at reflux temperature. From the reaction were obtained 7b and 9 in 26 and 16% yields, respectively (entry 2, Table 1 ). No 8b was obtained. In order to identify the bonding position of the incoming H -ion leading to 10, 2a was treated with NaD in place of NaH under the same foregoing conditions to give deuterated 10 in 63% yield (Scheme 2). However, the assignment of each of the aromatic protons of deuterated 10 on the basis of the 1 H NMR spectrum was unsuccessful simply because of poor resolution. Accordingly, the deuterated 10 was oxidized with m-CPBA to give disulfone 11. 
S

Scheme 2
The 2D NMR spectrum of 11 showed a multiplet at 7.94 ppm, assigned to two H4 protons and one H13 proton, whose intensity was compared with that obtained from the same compound not possessing a deuterium atom. Although we are aware of the deuterium atomic bonding position, further study is necessary to delineate the mechanism for the formation of 10. Similar reaction of 2a with p-toluidine (2.0 equiv.) and NaH (2.3 equiv.) gave 7c (X = MeO, Y = H, R = p-MeC 6 H 4 NH) and 9 in 28 and 41% yields, respectively (entry 3). No 10 was detected. Arylamine is more acidic than alkylamine which may account for decreased availability of NaH. No 10 was detected in both reactions. Interestingly, the reaction of 2a with ethylenediamine (4 equiv.) and LDA (0.3 mL x 4) gave 7d (X = MeO, Y = H, R = HNCH 2 CH 2 NH 2 ) in 45% yield (entry 4), whereas N,N-disubstituted ethylenediamine derivative 12 was obtained in 72% yield when 2a (5 equiv.) was treated with ethylenediamine and LDA (0.3 mL x 8) (entry 5). Since a large quantity of 9 was obtained from the reaction with primary arylamine and NaH (entry 3), coupled with a relatively high yield of 7a from the reaction with diethylamine and LDA (entry 6), we decided to study the reactions of 2 with secondary alkylamines in the presence of LDA. The yields of 7, 8, and 9 are summarized in Table 1 . The structures of compounds 7a-n, 8a, 8f-h, 13a, 14a-c, 15a-b, 17, 18a-b were identified on the basis of spectroscopic ( 1 H and 13 C NMR, IR, MS) and analytical data. Reactions with dried amines (i.e., diethylamine (entry 7) and dipropylamine (entry 9)) were compared with reactions where the same amines had not been previously dried. When purchased Et 2 NH (5.7 equiv.) and LDA (0.3 mL x 2) were employed, 7a, 8a, and 9 were obtained (entry 6). In addition, a spot corresponding to 13a was observed on TLC (EtOAc : hexane = 1 : 3, R f = 0.45). By employing a dried excess amount of Et 2 NH (15 equiv.) and the same amount of LDA, only 7a, 8a, and 9 were obtained in 51, 19, and 18% yields, respectively (entry 7). Yields of 7a, 8a, and 9 seemed to be independent of the dryness of Et 2 NH. In addition, no spot corresponding to 13a was observed from the latter reaction presumably due to the low concentrations of diisopropylamide ion in the presence of excess Et 2 NH. For the reactions with an excess amount of dried Pr 2 NH and LDA (0.3 mL x 2) (entry 9), 7e was obtained in 55% yield, whereas the reaction with purchased Pr 2 NH (4 equiv.) and LDA (0.3 mL x 8) gave 14a, 15a, and 9 in 49, 10, and 15% yields (entry 8) instead of 7e and 8e. This result indicates that the reactions depend strongly on the concentration of LDA rather than the dryness of purchased amines. The formation of 14a and 15a may be achieved via a nucleophilic displacement of the methoxy groups of 7e and 8e by dipropylamide ion. The displacement of the methoxy group in preference to the phenylthio group indicates that the first step corresponding to a nucleophilic attack of an amide ion is a rate determining step. 9 However, the electronic (for 7e and 8e) and steric (for 8e) effects of dipropyl groups of 7e and 8e cannot be ruled out. The importance of the concentrations of LDA was also observed from the reaction with dried morpholine (entries 11 and 12) and dried piperidine (entries 13 and 14). That is, 0.3 mL of LDA was added twice (entry 11) and eight times (entry 12) to the same amounts of a mixture of 2a and morpholine, respectively. After the reaction mixture was allowed to proceed for 6 h, the former reaction gave 7g and 8g in 74 and 15% yields, respectively, whereas the latter reaction gave 14b and 15b in 42 and 17% yields, respectively. The structure of 14b was confirmed by Xray crystallography (Figure 1 ). The formation of 14b from 7g was confirmed by an independent study in which treatment of 7g (144 mg, 0.35 mmol) with dried morpholine (150 mg, 1.72 mmol) and LDA (0.3 mL x 6) under the same foregoing conditions gave 14b in 92% yield. However, the same reaction of 7g with Et 2 NH did not give the corresponding substitution product 16. The failure to form 16 may be due to the low boiling point of Et 2 NH. Similarly, the reaction with piperidine (7.5 equiv.) and LDA (0.3 mL x 2) gave 7h, 8h, and 9 in 62, 14, and 9% yields, respectively (entry 13), whereas the reaction with an excess amount of piperidine and LDA (0.3 mL x 8) resulted in the formation of 14c in 45%. No 7h and 8h were obtained. The reaction with piperazine (0.2 molar equiv.) and LDA (0.3 mL x 6) gave N,N'-bis[3-{2-(4-methoxyphenylthio)phenylthio}phenyl]piperazine (17) and 13a in 71 and 27% yields, respectively, along with a small amount of 9 containing some unidentifiable mixtures (entry 15). Table 2 . Table 2 shows that the extractive abilities of 10 toward all metal cations employed are essentially zero. In contrast, the extractive abilities of 7a having a diethylamino group at the meta position toward Ag + and Pb 2+ ions increased somewhat to 28 and 18%, respectively. On the other hand, the extractive abilities of 7e and 7f having a dipropyl-and dibutylamino group, respectively, in place of a diethylamino group of 7a toward the same metal ions decreased to 18 and 5%, respectively, for 7e, and to 14 and 7%, respectively, for 7f. The results suggest that the nonbonding electrons on the amino group at the meta position are somehow involved in the complexations with both Ag + and Pb 2+ ions. However, bulky groups such as the dipropyl-and dibutylamino groups are envisaged to reduce the efficiency of the complexations, presumably due to the steric hindrance. Compound 7h, having a piperidine moiety at the same meta position showed almost the same extractive abilities as those of 7a toward Ag + and Pb 2+ ions. This may be ascribed to the similar electronic and steric effects of the piperidine ring and diethylamino group. In this regard, it is necessary to explain the observation in which compound 13a, having a diisopropylamino group at the same meta position, showed a very low extractive ability (9%) toward Ag + ion and a relatively high extractive ability (67%) toward Pb 2+ ion. One might explain the different tendencies in the extractive ability of 13a toward Ag + ion and Pb 2+ ions by presuming the involvement of two molecules of 13a in producing a cavity for complexing metal ions. The cavity may be suitable for accommodation of the smaller Pb 2+ ions (ionic radius = 1.20 Å) compared with Ag + ions (ionic radius = 1.26 Å). The non-bonded distances between the middle of the methoxyphenyl groups bonded to S1 and S3 atoms, and two diisopropylaminophenyl groups bonded to S2 and S4 atoms of the 13a (parallel) -Pb 2+ and the 13a (parallel, T-shaped) -Pb 2+ picrate complexes are calculated to be 3.69 and 5.65 Å, and 4.89 and 4.17 Å, respectively. Similarly, the non-bonded distances between two phenyl groups bonded to S1 and S4, and S2 and S3 atoms of the 13a (anti-parallel) -Pb 2+ are 3.99 and 4.94 Å , respectively. The distances over 4 Å are a little greater for π-π stacking interactions. 14 It shows that a Pb 2+ ion interacts with four sulfur atoms whose geometry resembles a crushed tetrahedral (refer to the supporting information (SI) for non-bonded distance and bond angle). The interaction energies between the HOMO of 13a and the LUMO of Pb 2+ ion (refer to the SI for the energies of the HOMO and the LUMO), 15 and the thermodynamic energies of the complexes are summarized in Table 3 . P: parallel; A P: anti-parallel; T: T-shaped; α : α -spin; β: β -spin.
The data show that the 13a (parallel, T-shaped) -Pb 2+ picrate complex has a lower thermodynamic energy compared with other complexes by 1011 to 1029 kcal/mol. Furthermore, the smallest HOMO -LUMO interaction energy (1.9 eV) is involved in the formation of the complex. Consequently, not only the thermodynamic stability of the complex but also the HOMO -LUMO interaction energy are envisaged to play an important role leading to the formation of the 13a (parallel, T-shaped) -Pb 2+ picrate complex. show that the non-bonded distances between methoxyphenyl group bonded to S1 and diethylaminophenyl group bonded to S4, and diethylaminophenyl group bonded to S2 and methoxyphenyl group bonded to S3 atoms are 3.86 and 3.67 Å, respectively. The non-bonded distances between the phenyl groups of the 7a (anti-parallel) -Ag + picrate complex are reasonable distances for π-π stacking interactions as is the case for the 7a (parallel) -Ag + picrate complex. In the meantime, the calculated HOMO -LUMO interaction energies between 7a and Ag + picrate and the thermodynamic energies of the 7a -Ag + picrate complex are summarized in Table 4 (7a (parallel, T-stacking) -Ag + picrate complex is improbable). The data show that the 7a (parallel) -Ag + picrate complex has a smaller HOMO -LUMO interaction energy than the 7a (anti-parallel) -Ag + picrate complex by 1.4 eV for α -spin and 0.68 eV for β -spin. In addition, the former has a lower thermodynamic energy than the latter by 270 kcal/mol. Accordingly, it is conceivable that the formation of 7a (parallel) -Ag + picrate complex is preferable to that of 7a (anti-parallel) -Ag + picrate complex. Examination of the molecular mechanics calculations on 7j showed that a structure where the pendent arm is directed away from the azacrown has the lowest energy (E = 38.06 kcal/mol) ( Figure 6 , (a)). In this regard, the conformation is similar to the X-ray crystal structure of 14b (Figure 1) . The preparation of a single crystal for X-ray crystallography of 7j -Pb 2+ complex was unsuccessful. However, the molecular mechanics calculations indicate that the interactions of a Pb 2+ ion with two sulfur and three oxygen atoms of one molecule of aza-18-crown-6 leads to a bent-type complex, which is the most stable complex having E = 29.76 kcal/mol ( Figure 6, (b) ). A sandwich-type complex in which two ligands accommodate a Pb 2+ ion between two lariats of 7j requires a higher energy by ca. 10 kcal/mol (E = 39.63 kcal/mol) ( Figure 6, (c) ). The increase in the extractive abilities of 7j and 7m toward Ag + ion (40 and 24%, respectively) compared with that of 13a (9%) may be ascribed to the oxygen atoms comprising aza-18-crown-6. Surprisingly, compound 18a showed a very high selectivity toward Ag + ion (86%), whereas its selectivity toward Pb 2+ ion was comparable with those of 7e-f. It is envisaged that two lariats, i.e., 3-[2-(4-
(c) Figure 6 . Molecular mechanics-calculated conformations of (a) the uncoordinated ligand 7j, (b) the bent-type and (c) the sandwich-type 7j -Pb 2+ picrate complexes.
at the nitrogen of 7,16-diaza-18-crown-6, produce a strong interaction with an Ag + ion ( Figure 7 , (b)), whereas the lariats were directed away from the cavity ( Figure 7 , (a)) as for 7a, 7e-f, or 7h in the presence of Pb 2+ ion which results in low extractive ability (12%). and 66%, respectively, which were obtained from the extractability experiments. A noteworthy feature is that there is little difference in the shape of a multiplet appearing at 3.55 -3.67 ppm, assigned to 24 methylene protons of 7m and 7m -Ag + complex, but significantly different shapes were observed in the multiplets of the aromatic proton signals. In contrast, the 7m -Pb 2+ complex exhibited a multiplet in the range of 3.32 -3.85 ppm. The range observed from the latter complex is wider than that observed from the 7m -Ag + complex.
Furthermore, the shape differed considerably from that of the 7m -Ag + complex but the shapes of the aromatic proton signals of the 7m -Ag + and 7m -Pb 2+ complexes appeared similar. The results indicate that Ag + ion does not interact strongly with aza-18-crown-6 ring but Pb 2+ interacts strongly with the same ring. This view is in good agreement with the similar extractabilities of 7a, 7h, and 7m toward Ag + ion (Table 2 ) and the large difference in the extractabilities between 7a or 7h and 7m toward Pb 2+ ion.
In summary, 5-arylthianthrenium perchlorates 2 reacted with secondary alkylamines in the presence of LDA in THF at reflux temperature to give 2-(arylthio)-3'-(dialkylamino)diphenyl sulfides 7 as major products via a benzyne intermediate. In addition, 2-(arylthio)-2'-(dialkylamino)diphenyl sulfides 8 and thianthrene were formed depending on the structures of amines employed and the concentrations of LDA. The affinity of selected metal cations to sulfides 7a, 7e-f, 7h, 7j, 7m, 10, 13a, and 18a Amines were dried as reported in the literature.
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General procedure for the reactions of 2 with alkylamines (a) To a solution of alkylamine in THF (20 mL) was added NaH (1.64 mmol) under nitrogen atmosphere. The solution was stirred for 20 min at room temperature, followed by the addition of 2. The mixture was additionally stirred for an appropriate hour at reflux. Removal of the solvent in vacuo gave a residue, which was chromatographed on silica gel (7 x 1.5 cm). Elution with a mixture of EtOAc and hexane (1 : 9) gave thianthrene (9) and desired compounds 7 and 8.
Quantities of 2 and NaH, and yields of 7, 8, and 9 are summarized in Table 1 .
(b) To a solution of alkylamine in THF (50 mL) was added 2. The mixture was heated at reflux under nitrogen atmosphere, followed by the addition of 0.3 mL (0.6 mmol) of LDA (2 M, hexane) six to eight times at the intervals of 40 min using a hypodermic syringe. Removal of the solvent in vacuo gave a residue, which was chromatographed on silica gel (7 x 1.5 cm) as described in (a). 2-(4-Methoxyphenylthio)-3'-(p-toluidino) 29.7, 55.4, 115.0, 115.2, 117.7,  119.3, 121.8, 123.4, 126.1, 128.1, 128.2, 129.8, 129.9, 131.3, 133.0, 133.2, 136.1, 136.4 m-CPBA -mediated the oxidation of deuterated 10: To a solution of deuterated 10 (103 mg, 0.32 mmol) in CHCl 3 (30 mL) was added excess m-CPBA. The mixture was stirred for 1 h at room temperature, followed by addition of K 2 CO 3 (100 mg, 0.72 mmol), which was stirred for an additional 1 h. Saturated aqueous NaHCO 3 (50 mL) was added. The mixture was extracted with CH 2 Cl 2 (30 mL x 3). The combined extract was dried over MgSO 4 . Removal of the solvent in vacuo gave a residue, which was chromatographed on a silica gel (7 x 1.5 cm) using a mixture of EtOAc and hexane (1 : 9) to give a mixture of m-chlorobenzoic acid and unreacted m-CPBA. Subsequent elution with the same solvent mixture (1 : 3) gave 2-(4-methoxyphenylsulfinyl)diphenyl sulfone (11) The extraction of metal ions from the aqueous solution into CHCl 3 layer was performed in capped test tubes. For blank test, biphasic mixture (the volume of water and chloroform was 2 mL each) was vigorously stirred for 1 min and then kept at 25 ± 1 °C for 12 h. The concentration of picrate in the aqueous phase was determined by absorption spectroscopy at 354 nm. Likewise the concentration of picrate anion remained in the aqueous phase was determined by the same method. The extractive ability was calculated according to equation 1. All experiments were carried out in duplicate or triplicate and the respective results were averaged. The results are summarized in Table 2 . 
